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INTRODUCTION

Eavironmental exposure to lcud hus long been rccognized as a public health
problem particularly among children. The vuinerability of the age group [ 10 5
years o svil lcud is enhanced because of their hand to mouth actvitics, pica, and
a high rate of intestinal absorption, Excessive conceatration of lead in soil has
been shown to increasc Icad ievels in children (Lin-Fu, 1973a, b, Mielke er al.,
1983; Duggan and Williams, 1977; Brunekreef &1 al., 1981; Rocls er al.. 1980;
Schmitt er al., 1979). As a result, there has been an increasing awareness for the
need (o monitor icad levels in soil and to control soll lead contamination by
maintaining a ‘‘safe’’ level. Given the widespread presence of lead in urban suil,
reduction of lcad to background uncontaminated levels is not possibic (Nativnal
Acadcmy of Sciences, 1980). The major focus of this report is to propose a “‘safe’’
or permissible levei of lcad in soil in highly urbanized areas, below which potenual
adverse health effects will be minimized.

BACKGROUND

Environmental Assessiment

Soil lead contamination has been attributed to various sources (American Acad-
emy of Pedlatrics, 1985). Flaking lead paint, particularly in and around houses or
buildings has been considered as a major source of contanination. Air-botne lead
particles deposited in soil is another important source. Emissions from industrics,
from incincrators and similar sources, and from vchicular traffic usihg leaded
gasoline contribute tu soil lead content. Urban envifonments receive a higher
dcposition of lead from vehicular emissions than rural arcas. Furthermore, lead
concentration in urban sotls arc not evenly distributed (Mielke e al., 1983).

In gencral, lcad tends to remain at the surface soil and concentrutions arc lower
at decper layers. Lead-contaminated soil and dust have boen identified as impor-
tant sources of exposure for children especiully in an urban setting (Duggan and
Williams, 1977). Wide variations in soil lead levels have been observed. Studies
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have reported values ranging from lcss than 100 ppm to wcll over 11,000 ppm
(Nationai Academy of Sciences, [980). In a recent study in Baltimore, the lead
Icvels in garden soll samples ranged from 1.0 ppm to over 10,000 ppm with a
median of 100 ppm (Mielke ¢! al., 1983). Spituler and his co-workers did a simiiar
study on garden soil in Boston (Spittlcr and Feder, 1979). Soil lcad levels were
higher in inncr-citics and near roadways. Also, front yards of homes facing road-
ways had higher lead contamination than backyards. Automobile and industrial
emissions have been found 10 be mainly responsible for increasce in urban soil lead
levels.

Health Effects

Severe lead 1oxicity often causes ecncephalopathy. Prevention of this scrious
sequelae of lead poisoning was a major focus in the 1960s (Mahuffey, 1983).
During the 19705, recognition of chronic exposure of lead and its cumulative effect
shifted the emphasis 10 (he undersianding of the adverse effects of low levels of
lcad Intoxication. The study by Needieman ef al. (1979) showed a positive rela-
tionship of lead in shed milk teeth with poor ratings from classroom bchavior,
Thesc findings supported the **no threshold’’ view and also indicated the need for
more attention to be given to cumulative adverse effects of lead at low levels of
intake. A rccent swudy in Boston (Bellinger er al., 1987) emphasized this view with
its findings on fetal lead exposure associated with retardation of mental develop-
ment.

The blood lead concentration has been generally accepted as the best measure
of the external dose of lead (National Academy of Sciences, 1980), although it is
not considered as a reliable index of past absorption or of toxicity per se. How-
ever, Needleman e7 al. (1979) had observed that children with higher tooth lead
levels tended to have had higher blood lead levels previously (4 or 5 years priot to
tooth shedding).

In recent years, progress has been made in achieving the goal to remove cad
from the environment of children before it enters their bodies. The Second Na-
tional Health and Nutrition Examination Survey (NHANES-I1I) has established
average blood Jcad Icvels for the U.S. population (Mahaffey er al., 1982). These
data demonstrated that urbanization was ussociated with an increusell blood level.

Lead levels in blacks were on an average 6 ug/d) higher than those in whites. The

lowest blood lead associated with adverse biological effects has been observed to
be 10 pg/dl (Minnesota Department of IHealth, 1984). ALAD (A-aminolevulinic
acid dehydratase) inhibition is associated with this low level. Morc scrious con-
ditions such as anemia and neurologic effects occur at higher levels of blood lead
elevation.

Leaded gasoline makes a substantial contribution to soil and dust lead levels
(Caprio ef al., 1974). The reduction of lead in gasoline and removal of Jead in paint
for residential arcas have been primarily responsible for a decline in the average
blood lead levels in children on a national basis. In areas with very high concen-
trations of lead in soil and dust, Jarge-scale cleanup operations ~ ° R
of the population will be the ideal remedial actions to protect «
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lcad cxposure. Such responsibilities {or regutating lead exposure inciude the sci-
ting up of acceptable levels of lead in so0il by government agencies.

MATERIALS AND METHODS

Scveral studies have found that Icad in soll is positively correlated with bioud
lead in children (Brunekreef, 1981; Roels es al., 1980; Schmitt er al., 1979). The
U.S. Environmental Protection Agency (EPA) estimated the biood lead soil slope
as ranging from 0.6 to 6.8 pg/dl per 1000 /g of il lead concentration (U.S.
Environmental Protection Agency, 1983). Available data on the cstimates of the
amount of svil ingested by children showed 100-fold variation and werc not con-
sidered useful in deriving a ‘“*safe’’ soil level (Binder cr al., 1986; Clausing e al.,
1987: Hawley, 1985),

Duggan (1980) did an assessment of the relationship of blood lead und leud in
soil/dust, bused on 21 samples out of nine studios, which had data permitting a
quantitative estimation of the blood lead slope. His estimatc was an increment of
5 pg/dl of blood lead per 1000 ppm of lead in soll. These studies varied a greut deal
in the type of svil und the study population. Soil or dust source included various
types such as boot tray dust, housc dust, outdoor dust, playground dust, and soil.
Most of these studies were on children under 5 years of age, a few on older
children up to 14 years, and one on a mixed population of adulty and children. The
blood lead slopes, computed by Duggan for all 21 samples, were availublc, ranging
from 0.6 ug/dl to 65 ug/dl per 1000 ppm of lead in soil.

We based our analysis on 8 of Duggan’s 21 slope estimatcs. We sciected these
8 slopes because soil was the only source of lead, not house dust, ctc., and only
blood teveis from children under 12 years, the most susceptible group to lead
toxicity, were used to derive the slopes.

RESULTS AND DISCUSSION

The results of limited soil sampling in New Jersey found that median valucs of
lead in surface soil sampies from different areas in Now Jerscy varied from 4 ppm
to 1245 ppm (New Jersey State Dopariment of Health, 1985). The vverull median
levels woro 238 und 73 ppm for suspected contaminated and control sites, respec-
tively. Newark had the highest median of 1245 ppm followed by Jersey City (668
ppm), Sccaucus (495 ppm), and othertowns with Jevels below 400 ppm. Samples
from areas in Princcton and Flemington were below 100 ppm. As observed in
carfier studies, front yards of homes in Newark had a higher level (1755 ppm) than
backyards (1060 ppm).

Table | shows the slopes ranging from 0.6 to 65 ug/dl per 1000 ppm of the cight
studios selooted to derive an acceptabls level for lead in soil. As lead levels in
blood are known o be distributed lognormally, and the range for slopes (0.6-65.0
ug/dl) is very wide, analysis was done on base 10 log transformations of the
slopes. The mean of the base 10 logs is 0.5321 with a standard error of 0.2435.
Transforming back, the gcumotric mean and the geometric standard error of the
slopes is 3.41 = 1.75 pug/dl. Applying the *‘worst-case’ or upper-limit anulysis to
the base 10 logs, the one-tailed 959 upper confidence limit equals 0.5321 + 1.65
X 0.2435 = 0.9339 (American Industrial Health Council, 1985; Wilson and



LEAD IN SOIL 139

TABLE |
DATA RBLATING TO LBAD IN BLOOD Witk Loap o~ SoiL”

Number Age of
of persom persons Slops
Author and reforence in study (years) (/1000 ppm)
Angle er ol @) 153 =5 635.0
Anglc et al. (i) 25 10-12 15.0
Raritrop et al. 82 2 0.6
Galke ¢! ai. (i) 187 upto$ 33
Galke ¢ al. (i) [ 1] upto S 1.6
Shelishcar et al. (< 1-$ 39
Yankel ¢/ al. (i) 11e 1-9 0.6
Yankel ef al. (i) 1149 2= 25

¢ Source: Duggan (1980).

Crouch, 1982). Transforming back, the antilog is 0.9339-8.5877 ug/dl per 1000
ppm of lcad in soil. This slope corresponds to the worst case situation.

Using the slope 8.59 pug/dl, soil concentrations have been calculated for differ-
ent amounts of blood Jead contributed from soil, as shown in Table 2. Having
computed the soil concentration for different amounts of blood lead contributed
through soil, the next important consideration is the choice of the permissible
amount of blood lead from soil. The soil lead concentrution corresponding W this
blood lead level would be the suggested lead permissible level, Keeping in mind
the background level of blood lend for children under 12 years, the ideal situation
would be o have no increment in blood fead level contributed from soil. This
stringent condition decmands a zcro lcvel concentration of lead in soil. Looking at
cstimatcs of 30il lead Jevels available from various studies in the United Stutes and
clsewhere, one realizes that o bring down the lead concentrution (o zero would be
an impractical task. As shown in Table 2, even for 1 pg/dl of blood lead from soil,
the soil concentration has to be around 100 ppm. If 5 ug/dl of blood Jead js chosen
as a tolerable level, the corresponding soll concentration is 582 ppm, rounded off
to a figure of 600 ppm. With a suggested permissible level of 600 ppm, it can be
stated with reasonabic certainty that this soil concentration will contribute no
morc than 5 pg/dl to blood lead for children under [2 years. The selection of §

TABLE 2
Laap ConcenTRATION IN Soit 3Y BLoop Laap ConTrisurion rrom SO
Blood lcad Soil concestration (ppm)
from soil* at 95% upper confldence
(npdl) limis of 8.59 ng/dl 1000 ppm

] 116

s ! v]

10 1164

13 1746

20 028

23 210

* In addition to background level.
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ng/dl is somewhat arbitrary. The median blood lead of children 6 months to §
years between 1976 and 1980 was reported o be 16 ug/dl for whites and 20 ug/dl
for blacks. Since lead accumuiates there is no absolutely **tolerable’’ increasc of
blood level. Allowing an increasc of 5 pg/dl above the median level is probubly not
advisable. The national median levels, however, are probably partially attribut-
able to soil contamination. Tablc 2 therefore necds 10 be used as a guideline to the
upper limit of accumulation not us a stundurd which if met guarantees absoluic
safcty.

This suggested level of 600 ppm lies within the runge given by the Center for
Discase Control (1985) in the following statement:

**In genenal, lead in 30il and dust appears 10 be responsible fur blood lcad levels in childron
increasing above background level whon the concentratioa in the soil or dust excocds S00-

1000 ppm. "

A similar analysis was done by the EPA. (U.S. EPA, 1983). In thut analysis thc
value of 65 ng/dl/1000 ppm from onc study (Angle, see Tablc 1) was not included.
Eliminating this outlier would change the 95% upper confidence limit of the slopc
from 8.59 that we used, (o 4.52 ug/dl/1000 ppm. This would approximatcly double
the soil levels presonted in Table 2. Eliminating the uppcr und lower outliers in
Table | would not appreciably change the slopc or values in Table 2. Because of
the uncertainty involved in selecting a *‘safe’” level wc do not feel that it is
warrantcd to exclude the data at cither extreme.

Furthermore, it is important to keep in mind that exposure of children to lcad-
contaminated soil or dust is enhanced when they play on nongrassy surfaces thaun
on grass-covered areas (Lewis and Clark County Health Depanment e al., 1986),
a scenario similar to the vulnerability of children exhibning mouthing behavior.

In conclusion, maximum permissible levels of lead in soil’have been recom-
mended by.the New Jorsey State Depariment of Health, bused on the dose-
response relationship of lead in $0il and blood lead in children as follows:

1. A maximum permissible level of 250 ppm of lead in s0il Is recommended in
areas without grass cover and repeatedly used by children below 5 years of age
among whom mouthing objects is highly prevalent. This level may add at the mgst
about 2 uy/dl to the blood icad level of children.

2. A maximum permissible lcvel of 600 ppm of leud in sou is rccommended in
arcas repeatedly used by children below 12 years of age. This icvel may add at the
most S ug/dl to blood lead level uf children.

3. A maximum permissible level of 1000 ppm of lead in soil iy recommended in
areas such as industrial parks or along streets and highways or in other areas
infrequented by children. Although these areas are not cxpected to be places
where children play, we do not feel that this can always be assured. Additionally,
we are concerned about migration of lead off these sites on the footwear or clothes
of adults.

The Department of Health also recommends that municipalitics should consider
the passage of Jocal ordinances prohibiting the development of residential areas in
lead-contaminated soil uniess the lead sofl concentration is reduced to the appro-
priate maximum permissible level.
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SUMMARY

Lead in soil has been recognized as « public health problem, particularly among
children. In rccent years, attention has been directed to cumulative adverse ef-
fects of Jcad at low levels of intuke. Lead-contaminatod soil and dust have been
identified as impurtant contributors 10 blood lcad levels. Based on available data
on blood lead and lead in soil, an approach hus boen developed to suggest a
permissible fevel of lcad in soil, Lelow which there will be reasonabie cerainty
that adverse hcalth cffects will not vccur. An acceptable leve) of 600 ppm of lead
in soil suggested as a *‘safe’’ lcvel would contribute no more than S pg/di to 1otat
blood lead of childrcn under 12 years of age. Maximum permissible levels of lead
in soil have boen recommended buscd on the dose~response relauonship of lead
in soil and blood lead in children.

ACKNOWLEDGMENTS

The authors thank Dr. Philip J. Landsigan, Mount Sinai School of Medicine, New York, Ur. Herbert
L. Needleman, Children‘'s Hospiwal of Pittsburgh, Dr. Warven A, Galke, Los Alamos Nationa! Lab-
oratory Los Alamos, and Di. Vernos Houk, Centers for Disease Control, Atlams, for their review and
comments on an earfier version of this paper. We wish to express our appreciation 1o Angela Gilbert,
Julie Petix, and Jos Rizzo for their assistance in fleld work und data collection.

REFERENCES

American Academy of Pediatrics. (1985) A Statement on Childhood Lead Poisoning.”" Dralt pre-
pared by Commiites on Environmental Hazards.

Amcrican Industrial Health Council. (1989). *‘Proposals 10 Improve Scientific Risk Assosinent for
Chomical Carclaogenesis. Dose Respouse Evaluntion and Charscierization of Risk,'* pp. 33-38.
Scientific working paper by American Industrial Health Council, Washingion, DC. .

Bellinger, D., Leviton, A., Wateranux, C., Neodieman, H., and Rabinowitz, M. (3987). Longitudinal
analysis of prenstal and postaatal lcad expusure und carly cognitive development. N. Engl. J.
Med. 316, 1037=1043,

Biades, 3., Sukal, D., snd Maughan, D. (1966). Bstimating soil ingestion; ‘[h¢ use of (racer elememts
in estimating the amount of soll ingssted by young childron. Arch. Envivon. fHeaith 41, 341=145.

Brunckrocl, B., Vesmstrw, 8. 1., Blervicker, K., and Boley, J. S. M. (1981). The Ambem lead stugy.
1. Lead uptake by 1+ to 3-yeurold children living ia the viciaity of a socondary icad smelter in
Arabom, The Netheriande. Environ. Res. 23, 441-448, .

Caprio, R. J., Margulis, If. L., und Joselow, M. M. (1974). Lead sbsorpison in childson and its rela-
tioushiy to urbun raflic deasitiss. Arch. Environ. Health 28,"195~197.

Centers for Dissase Cuatrul. (1989). *'Preventing Lead Poisoning in Young Children.'* U.S. Depart-
ment of Hoalth and Human Services, Atlanta, GA.

Clausing, P., Brusckreef, B., and van Wijnen, ). H. (1987). A method for esmating $0il ingostson by
children. Jnt. Arch. Occup. Environ. Health 89, T3-82.

Duggan, M. J. (1980). “’Lead in Urban Dust: An Assessment. Water, Air and Soll Poltution,’* pp.
309-321. Reidol, Boston.

Dugsan, M. 1., and Willlams, 8. (1977). “‘Lead-n-Dust in City Surests. The Scienoe of the Total
Elvlmmu.“ Vol. 7, pp. 91-97. Elsevier Sciontific, Amsterdam.

Iawley, J. K. (1989). Mmdbﬁhm&ﬁumwmww Risk Anal. 8,
289-M12,

Lowis and Clark County Health Departsnest, Montans Dopartment of Heahh and Bavironmestal
8cicaces, Center for Bavironmental Health, Cestars for Discuso Control; Public Health Service,
U.S. Department of Health aad Human Scrvices, and U.S. Bavironmental Protection Ageacy
{1986). “"East Helens, Montana Child Lead Study, Summer 1983. Final Report, 36."



142 MADHAVAN, ROSENMAN, AND SHEHATA

Lin-Fy, 3. S. (1973a). Vulnerability of children to iead exposure and toxiclty. Part ). N. Engl. J. Med.
289, 1229-1233.

Lin-Py, ). S. (19730). Vulnerability of children (o lead exposure and toxiclty. Part 2. N. Engl. J. Med.
209, 1289-1293.

Mabaftey, K. R. (1983). Sources of ioad in the urban cnvironmeny. Amer. J. Public Heualih 13, 1357=-
1358.

Mahaffey, K. R., Annest, J. L., Robens, 1., Murphy, R. 8. (1982). National cetimates of blood lcud
jevels: Unlted States, 1976-1980. Association with stlecied demugruphic sad suciveconomic fac-
tors. N. Engl. J. Med. 307, 57T3-579.

Mielke, H. W., Anderson, ). C., Berry, K. J., Mielke, P. W., Chancy, R. L., und Leoch, M. (198)).
Lead concentrations in innercity soils as & factor in the child lewd problem. Amer. J. Public
Health 13, 1366-1369,

Miancsowa Depaniment of Heahh, Division of Maternal and Child Heulth Services. (1984). “‘Lend
Bxposure and the Heailth Effects oa Children. " Roport to the Minnesuta Legislature,

National Academy of Sclences. (1980). '‘Lead in the Human Bavirunwnent.” Report prepared Ly the
Commiltee on Lend in the Humun Environment, Nationa) Roscarch Courcil. Nau. Acad. Press,
Washington, DC.

Nesdieman, H. L.. Quanoe, C., Leviton, A., Reed, K., Pereste, H., Moher, O., and Barrett, P. (1979),
Deficits in peychologic aad classroom performance of children with eicvated dentine lead leveis.
N, Engl. J. Med. 300, 689=693,

New Jersey Suate Depastment of Health, Division of Oocupational and Environmental Health. (1985).
Unpublishod date on Jead in soil.

Roels. H. A., Buchet, J. P., Lauwerys, R. R., Bruaux, P., Clacys-Thureau, F., Lafuonteine, A., and
Yerduyn, G. (1980). Exposure 10 icad by the orul and the pulmonary routos of childicn living in
the vicinity of & primary lcad smchicr. Environ. Res. 22, 81-94.

Schmiu, N., Pnition, J. )., Larsen, A. A., Harmadek, M., and Lynch, A. J. (1979). Surface soil at &
potential source of lead exposure for young childrens. CA(A J. 121, 1474-1478.

Spittier, T. M., and Foder, W. A. (1979). A stuldy of s0il conlamination aud plant icad uplake in
Boston urban gardens. Commun. Soll Scl. Plant Anal. 10, 1195-1210.

U.S. Environmental Protection Agency, Office of Research and Development. (1983). “Alr Quality
Critoria for Lead,"” Vol. [. EPA Report No. BPA-600/8-83-028A. U.S. BPA, Rescurch Trinngic
Park, NC.

Wilson, R., and Crouch, B. (1982). ''Risk/Boncfit Analysis,’* pp. 61-63. Ballinger, Cambridge, MA.



